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Abstract

Colony stimulating factor 2 receptor, beta (CSF2RB) is the shared subunit of receptors for
interleukin 3 (IL3), colony stimulating factor 2 (CSF2) and IL5, and is responsible for the
initiation of signal transduction triggered by ligand binding. In our previous study, we showed the
evidence that the IL3 gene is associated with schizophrenia and the associations observed are sex-
specific and dependent on family history (FH). In this article, we studied 10 single-nucleotide
polymorphisms in the CSF2RB gene in the Irish Study of High-Density Schizophrenia Families
(ISHDSF) and the Irish Case — Control Study of Schizophrenia (ICCSS), and tested allele and
haplotype associations with schizophrenia. Using the pedigree disequilibrium test, we found that
two markers (rs11705394 and rs7285064) reached nominal significance. In sex-stratified analyses,
for both the markers the association signals were mainly derived from male subjects. In the ICCSS
sample, we found that several markers (rs2072707, rs2284031 and rs909486) showed sex-specific
and FH-dependent associations with schizophrenia. In multimarker haplotype analyses, both
ISHDSF and ICCSS samples showed globally significant associations in multiple linkage
disequilibrium (LD) blocks sharing minimal LD. Since CSF2RB is essential for IL3 signaling, the
findings that both IL3 and CSF2RB showed sex-specific and FH-dependent associations suggest
that the I1L3 pathway is involved in schizophrenia.
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Introduction

Schizophrenia is a complex psychiatric disorder. It is now clearly established that genetic
factors play a major role in its etiology. Linkage studies have suggested that many genomic
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regions harbor risk factors for schizophrenia.l In our previous fine mapping of linkage peak
at 5g21-31 with the Irish Study of High-Density Schizophrenia Families (ISHDSF) sample,
we found that haplotypes spanning a large genomic interval were associated with
schizophrenia.2 There are several genes in this region including SPEC2, PDZ-GEF2,
ACSL6 and interleukin 3 (IL3). We found that IL3 is associated with the disease in three
independent samples including family and case — control samples, and the associations of
IL3 are sex-specific and dependent on family history (FH).3

Immunological abnormalities have been found to be associated with schizophrenia for
decades and there are hypotheses proposing that the immune system is involved in the
etiology of schizophrenia.#-8 Changes in activities of cytokines, cytokine receptors and
cytokine activity modifiers have been reported in the serum and cerebrospinal fluid of
schizophrenic patients.”=9 Several genetic variants in cytokines have been associated with
the pathogenesis of schizophrenia.10-14 These findings suggest that cytokines and/or their
receptors may be relevant to the development of schizophrenia, though some contradictory
results were also reported.1®

IL3 is a major component of immune system and plays a critical role in the development and
differentiation of all hematopoietic cell types.16:17 IL3 and other cytokines have been found
to have neurotrophic activities and to be associated with neurologic disorders,18-21
suggesting their complex role in the central nervous system (CNS). IL3 is one of the major
factors that activate the microglia in the brain.2! Activated microglia lead to inflammatory
responses in the brain, and some researchers have suggested that such inflammatory
processes contribute to the etiology of schizophrenia.?2 Clinical studies show that 1L3
activity may be lower in schizophrenia patients.23 IL3 could potentially be involved in the
pathophysiology of schizophrenia. We have reported that variants in and around IL3 are
associated with schizophrenia in Irish samples. Shortly after our study, an independent
group reported that CSF2RA and IL3RA, the IL-specific receptor subunits for colony
stimulating factor 2 (CSF2) and IL3, respectively, are associated with schizophrenia.24

The human IL3 receptor is a heterodimeric structure, consisting of an IL3-specific alpha
subunit (IL3RA) and a common beta subunit shared with CSF2 and IL5. The shared beta
subunit is encoded by the colony stimulating factor 2 receptor, beta (CSF2RB) gene. IL5
and CSF2 each have a unique alpha receptor subunit (ILSRA and CSF2RA, respectively)
that only binds its specific ligand. The shared common beta receptor (also known as Ac) is
required for signal transduction and high-affinity ligand binding.2>-27 However, Ac along is
not able to bind any of the cytokines. Once the cytokines are bound to their specific alpha
subunits, Ac is recruited to engage the cytokines, thereby providing the necessary physical
and conformational proximity of the alpha and beta subunits to initiate intracellular
signaling.

The CSF2RB gene is mapped to chromosome 22¢12.3 close to a region that independently
shows linkage to schizophrenia in several studies.128¢ CSF2RB is about 17 kb in length,
containing 14 exons. It is critical for the activation of both the JAK/STAT (JAK2, STAT5)
and MAP kinase pathways.26:27 Using trans genic mice, D’ Andrea et al.2° found that
mutations in the CSF2RB gene may play a role in the pathogenesis of myeloproliferative
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disorders In addition, the transgenic mice developed a sporadic, progressive neurologic
disorder and displayed bilateral, symmetrical foci of necrosis in the white matter of the
brainstem associated with an accumulation of macrophages.2® Thus, chronic CSF2RB
activation has the potential to contribute to pathologic events in the CNS. Considering that
both IL3 and IL3RA are reported to be associated with schizophrenia and that IL3 and
IL3RA alone cannot form a functional receptor to transduce signal, CSF2RB becomes an
attractive candidate gene for schizophrenia. Based on these rationales, we initiated the study
of the CSF2RB gene, seeking further evidence whether IL3 signaling is involved in the
disease.

Materials and Methods

Subjects

In this study, we used the ISHDSF and Irish Case — Control Study of Schizophrenia
(ICCSS) samples, which were also used in our previous IL3 association study. The ISHDSF
was collected in Northern Ireland, the United Kingdom and the Republic of Ireland.
Phenotypes were assessed using the Diagnostic and Statistical Manual of Mental Disorders
(DSM)-111-R. The diagnoses were formed into a hierarchy of 10 categories, reflecting the
probable genetic relationship of these syndromes to classic schizophrenia. This hierarchy
consisted of three definitions of affection: (i) narrow—categories D1 and D2, or ‘core
schizophrenia,” schizophrenia, poor-outcome schizoaffective disorder and simple
schizophrenia; (ii) Intermediate—categories D1-D5, or a narrow definition of the
schizophrenia spectrum, adding to the narrow definition schizotypal personality disorder,
schizophreniform disorder, delusional disorder, atypical psychosis and good-outcome
schizoaffective disorder; (iii) broad—categories D1-D8, including all disorders that
significantly aggregated in relatives of schizophrenic probands in the Roscommon Family
Study3° and adding to the intermediate definition mood incongruent and mood congruent
psychotic affective illness, and paranoid, avoidant and schizoid personality disorder. The
final inclusion criteria for pedigrees in the ISHDSF sample required two or more first,
second or third degree relatives with a diagnosis of D1-D5, one or more of whom had a D1-
D2 diagnosis. The sample contained 273 pedigrees and about 1350 subjects had DNA
sample for genotyping. Of them, 515 were diagnosed with the narrow definition (351 males
and 164 females), 634 were diagnosed with the intermediate definition and 686 were
diagnosed with the broad definition. Detail descriptions of the sample were published
previously.31

The ICCSS sample was collected in the same geographic regions as that of the ISHDSF
sample. For this study, we used 655 affected cases (436 males and 219 females) and 626
controls (354 males, 269 females and 3 unknown). The affected subjects were selected from
in-patient and outpatient psychiatric facilities in the Republic of Ireland and Northern
Ireland. Subjects were eligible for inclusion if they had a diagnosis of schizophrenia or poor-
outcome schizoaffective disorder by DSM-111-R criteria, which were confirmed by a blind
expert diagnostic review. Controls, selected from several sources, including blood donation
centers, were included if they denied a lifetime history of schizophrenia. Both cases and
controls were included only if they reported all four grandparents as being born in Ireland or
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the United Kingdom. FH, based on the Family History Research Diagnostic Criteria,3? was
assessed by clinical interview of probands and their relatives. Subjects having a first- or
second-degree relative diagnosed with schizophrenia were classified as FH positive. In the
ICCSS sample, there were 102 subjects (63 males and 39 females) who met these criteria for
a positive FH of schizophrenia. The sex of the subjects was determined experimentally by
genotyping three X-specific (rs320991, rs321029 and rs6647617) and three Y-specific
(rs1558843, rs2032598 and rs2032652) single-nucleotide polymorphisms (SNPs) because
most of the controls were obtained from blood donation centers and the sex of the donors
was not available to us. Subjects with XXY (nine subjects, four cases and five controls) and
XYY (one case) genotypes were classified as males.

SNP selection and genotyping

We used the HapMap data and the available assays developed by Applied BioSystems
Corporation (Foster City, CA, USA) to assist in our selection of markers. We selected tag
SNPs that cover haplotypes with the frequency > 1%. A total of 10 SNPs were used in this
study. Eight SNPs are in the intron and two (rs7285064 and rs131840) in the exon. Their
positions in the gene were shown in (Figure 1). The selected SNPs were developed by
Applied BioSystems Corporation. All genotyping was conducted with the TagMan
method.33 Genotypes were scored using an Excel Template developed in our lab. All typed
SNPs were checked for the Mendelian consistency and Hardy — Weinberg equilibrium
(HWE).34

Statistical analyses

We used the pedigree disequilibrium test (PDT)3° as implemented in the UNPHASED?36
program (PDTPHASE module, version 2.404) to analyze the ISHDSF sample. For each
typed SNP, the PDT program was run for the narrow, intermediate and broad disease
definitions. In these analyses, both vertical and horizontal transmissions were included. The
P-values reported were based on weighting all families equally (the ave option in the
program). In multilocus haplotype analyses, we used 10 restarts for the expectation-
maximization algorithm37 and used 1% as the cutoff for minor haplotypes. In multimarker
haplotype analyses, we restricted our analyses to those haplotypes that were observed at
least once in our dataset since the LDs in the gene were modest. For the case — control
sample, /1/2 tests were performed for each SNP for allelic and genotypic associations. For
haplotype analyses, the COCAPHASE module of the UNPHASED program36 was used to
analyze multimarker haplotype associations. As in the family sample, haplotypes with
frequencies of < 1% were aggregated. For all tests, global and individual haplotype tests
were performed simultaneously and P-values were obtained from the ;(2 distribution. To be
consistent with the ISHDSF sample, we limited our analyses to only those haplotypes
observed in our dataset at least once. In sex-stratified analyses, only male or female subjects
(ICCSS) or affected offspring (ISHDSF) was used. For FH conditioned analyses, all affected
subjects without positive FH were set to unknown affection status. We used the
HAPLOVIEW program38 to estimate pairwise linkage disequilibrium (LD) and to illustrate
haplotype blocks. The haplotype blocks were partitioned by the confidence interval
algorithm.39 To assess the false positive rate of the tests, we used the Q-value program,*0
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and used all P-values we obtained for each of the ISHDSF and ICCSS samples. We used
both the default setting and individually adjusted setting to evaluate the 7.

LD structure of ISHDSF and ICCSS samples

Association

In this study, we typed 10 SNPs in both the ISHDSF and ICCSS samples. We examined LD
and haplotype structure for both the samples with the HAPLOVIEW program. Overall, the
two samples had similar LD structure (Figure 2); these samples formed 3 LD blocks and the
partitions of the blocks were similar. Markers 1-2 and 3-5 formed two LD blocks,
respectively, and they had reasonable LD with one another. Markers 6-9 formed the third
LD block and had high LD with each other but low LD with markers 1-5 in the other two
LD blocks. When haplotypes were examined, the major haplotypes were observed in both
the samples, but the frequencies varied (data not shown).

analyses of the ISHDSF sample

Marker information and allele frequencies were presented in Table 1. The genotype
frequencies of all 10 markers studied were in accordance with the HWE. Using PDT, we
found that two markers (rs11705394 and rs7285064) reached 5% significance level with at
least one diagnostic definition. The marker rs11705394 is in intron 8, while rs7285064 is a
synonymous polymorphism in exon 9.

Based on our previous study of IL3, we performed sex-stratified analyses. The results of
these stratified analyses were summarized in Table 2. We found that the same two markers
were significant in the male subjects, but not significant in the female subjects. The sex-
stratified analyses demonstrated more significant association, suggesting that almost all
association signals were derived from male offspring. Sex-stratified analyses with the
intermediate and broad definitions produced similar results (Table 2).

The two significant markers (rs11705394 and rs7285064) were in the third LD block. Based
on LD structure and single marker analyses, we performed sex-stratified multimarker
haplotype analyses of each LD block. The results of haplotype analyses were summarized in
Table 3. There were no significant results (data not shown) for marker combination 3—4-5,
which covers LD block 2. For combination 1-2, that is, LD block 1, the global P-values
were significant for all three diagnosis definitions. Since the three diagnosis definitions were
hierarchical, we performed permutations tests for this marker combination, and the results
remained significant (Table 3). In this combination, the major haplotype, 1-1 or C-G, was
overtransmitted to the affected subjects. Haplotype, 2-1 or T-G, was protective for the male
subjects. For the female subjects, marginal significance was observed with the broad disease
definition. While the same major haplotype was transmitted to the affected subjects as
observed in the males, the protective haplotype (2-2, or T-T) was different. For marker
combination 6-7-8, globally significant results were observed in the male subjects with the
intermediate disease definition. When individual haplotypes were examined, the major
haplotype 1-1-1 (A-T-C) was undertransmitted to the affected subjects, the P-values were
0.0926, 0.0427 and 0.0648 for the narrow, intermediate and broad diagnoses, respectively. A
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minor haplotype, 1-2-1 (A-C-C), was overtransmitted to the affected subjects (Table 3). No
significant results were observed for the female subjects for combination 6-7-8.

To evaluate the false positive rate for the tests we performed with the IHSDSF sample; we
used the Q-value program. For the ISHDSF sample, we performed allelic, genotypic
associations and secondary sex-stratified analyses. The total number of test was 165. Using
the default setting, the estimated g is 0.573, and there were 18 tests (all tests with P-values
< 0.02) had a g-value of 0.09976. When we adjusted the A to 0.01, the estimated sz is
0.973, and all P-values < 0.02 had a g-value of 0.1695.

analyses of the case — control (ICCSS) sample

For the ICCSS sample, we typed the same 10 SNPs. For all markers typed, no HWE
deviations were observed. The allele frequencies of these 10 SNPs were similar as those of
the family sample (Table 4). No significant associations were observed when the entire
sample was analyzed (data not shown). Since the most significant difference between the
ISHDSF and ICCSS was FH, and our previous study of IL3 also indicated that the
associations were only observed in subjects with positive FH in the ICCSS, we restricted our
analyses to only those subjects with positive FH. In these analyses, we found that rs2284031
and rs909486 showed significant associations in both allelic and genotypic tests in the male
subjects. Another marker, rs2075942, showed genotypic association (Table 4). For the
female subjects, rs2072707 showed nominal significance.

To be consistent with our findings in the ISHDSF, we conducted sex- and FH-stratified
analyses for multimarker associations. We found that marker combination 3-4-5 or
rs2284031-rs17811358-rs909486 showed significant associations in the males (global P =
0.0161). Haplotype 1-1-1 was underrepresented and haplotype 2—1-2 was overrepresented
in the cases (P = 0.0065 and 0.0052, respectively). Permutation tests indicated that
combination 3-4-5 remained globally significant. In the females, combination 1-2 reached
nominal significance (global P = 0.0497, haplotype 2-2 P = 0.0149) (see Table 5). No
significant results were observed for combination 6-7-8 (data not shown). We performed
similar g-value estimate with the Q-value program. For the ICCSS sample, we performed a
total of 93 tests. Using the default setting, we obtained a np of 1, and there were 10 tests (P
< 0.02) with a g-value of 0.1601 or less. When we adjusted the A to 0.01, the estimated g is
0.956, and all P-values < 0.02 had a g-value of 0.1534 or less.

Discussion

It has been hypothesized that the immune system plays an important role in the etiology of
schizophrenia.}341-43 Many components of the immune system have been studied for their
roles in the disease, including 1L2,1344 |L64546 and TNF-a.4” We have reported that IL3 is
associated with schizophrenia and the associations observed are sex-specific and FH-
dependent.3 Others report the association of IL3RA.24 Since CSF2RB is required to achieve
the biological functions of IL3, if IL3 is involved in schizophrenia via change of expression
or activities, then changes in the CSF2RB gene, in either expression or activities, could lead
to similar consequences. In other words, it is likely that, at least for some cases, alterations
of CSF2RB may also contribute to the pathophysiology of schizophrenia. Interestingly, the
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genomic location of CSF2RB gene, 22q12.3, is one of the regions implicated in
schizophrenia in linkage studies.228 In a mouse model, a mutant constitutively expressing
CSF2RB develops sporadic and progressive neurologic disease and displays necrosis in the
CNS.2

In this study, we genotyped 10 SNPs (8 in intron, 2 in exon) in the CSF2RB gene in both the
family and case — control samples. In the family sample, we found associations in SNPs
rs11705394 and rs7285064. The associations became more significant when sex-stratified
analyses were conducted. This sex-specific association was observed at the levels of both
individual markers and haplotypes. In the case — control sample, we found that two different
markers (rs2284031 and rs909486) were significantly associated with the disease, and the
associations were sex-specific and FH-dependent, consistent with that found in the IL3
studies. Similar results were obtained when multimarker haplotypes were analyzed. We
noticed that in the ISHDSF, the association signals came from two LD blocks (blocks 1 and
3) that had low LD with each other, suggesting that these signals may be different. In the
ICCSS, while the associations were also observed in two LD blocks, these two blocks
(blocks 1 and 2) shared high LDs, and therefore could be reflections of the same genetic
signal.

In this study, there were some differences in the associations between the family and case —
control samples. The associations were found in different markers. In the family sample, the
associations came from markers 7 and 8 of LD block 3, while the positive results of case —
control sample came from markers 3 and 5 of LD block 2. With regard to haplotypes,
significant associations were found in LD blocks 1 and 3 in the family sample. The
associations of the case — control sample were largely concentrated in LD block 2. The
discrepancies were puzzling but hardly surprising. Most, if not all, promising candidate
genes identified for schizophrenia in recent years had similar inconsistencies.#8-53 While it
is possible that our findings are a false-positive, we believe that it is not very likely for
several reasons. First, we performed false-positive rate evaluations with the Q-value method.
In these evaluations, either using a default setting or selecting a A of 0.01—which is a
reasonable value given a priori knowledge of the associations of IL3 and IL3RA—we
obtained a reasonable g-value (<0.18) for those P-values <0.02 in both the ISHDSF and
ICCSS samples. Given the number of tests with this g-value (18 tests in the ISHDSF and 10
tests in the ICCSS), most of these tests are likely to be true positives. Second, it is not likely
to occur by chance that all three components of IL3 signaling pathway, that is, IL3, ILRA
and CSF2RB, show significant associations with schizophrenia. For IL3 and CSF2RB, we
found the same sex-specific and FH-dependent associations. In an independent study, the
alpha subunit of 1L3 receptor, IL3RA, is found to be associated with schizophrenia.24 These
three independent studies support each other and can be viewed as converging evidence
implicating the involvement of IL3 signaling pathway in the pathophysiology of
schizophrenia. To our knowledge, this is the first time that multiple genes in the same
signaling pathway are found to be associated with schizophrenia. Third, while the signals
observed are of modest strength, similar signals were observed in two independent samples,
in part meeting the replication criteria outlined in recent literature.>4°° Since the results
from the family sample supported that found in the case — control sample, this reduced the
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likelihood that signals from the case — control were due to population stratification. Fourth,
the LD structure of the CSF2RB gene suggested that the associations from the ISHDSF and
ICCSS may be of different origins. This, on the one hand explained, to some extent, the
differences between the two samples; on the other hand, these results could be viewed as
converging evidence implicating the same gene.

In recent years, evidence is accumulating that sex may play a significant role in the etiology
of schizophrenia. In a recent, extensive review of worldwide incidence rate, it was found
that males have significantly higher incidence rate than females.>® The males have a
younger age-of-onset than the females.5” Sex-specific associations with schizophrenia have
been reported for the catechol-O-methyltransferase gene 8 and several other genes.5%:60 |t
was also argued recently that sex may play a more important role in brain structure and
psychiatric disorders than commonly acknowledged.52-63 Our finding is consistent with this
converging evidence. Furthermore, our finding of sex-specific associations in CSF2RB is
supported by molecular evidence. There are multiple estrogen response elements in the
promoter region of CSF2RB,%4 and there are reports of sexually dimorphic expression of
CSF2RB in mouse brain.5°

In conclusion, despite some inconsistencies in our findings, we report evidence that variants
in the CSF2RB gene are associated with schizophrenia in the ISHDSF and ICCSS samples.
The observed associations are sex-specific and FH-dependent. These results support our
previous study of the IL3 gene in which two biologically linked genes show the same
patterns of associations with schizophrenia. These findings strongly support the hypothesis
that the immune system is involved in the pathophysiology of the disease. Further research
in the IL3 signaling pathway in schizophrenia is warranted.
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Figure 1.
Genomic structure and location of genotyped SNPs in the csf2rb gene. Csf2rb spans over

17.6 kb genomic DNA and contains 14 exons (vertical bars). The gene is transcribed from
left to right. Ten markers were genotyped in this study.
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Figure 2.
The comparison of pairwise linkage disequilibrium (LD) between the ISHDSF (a) and

ICCSS (b) samples. The LDs (D”) were computed by the HAPLOVIEW program.
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Table 1

Marker characteristics and single marker associations (P-values) in the ISHDSF sample

Page 14

Polymorphism

Marker Marker id  Distance Functional (minor allele) Freq HWE P-value Narrow Intermediate Broad
rs2075942 1 0 Intron CIT (T) 0.488 0.883 0.476 0.500 0.504
rs2072707 2 302 Intron GIT (T) 0.382 0.997 0.635 0.614 0.512
rs2284031 3 2301 Intron CIT (T) 0.435 0.782 0.743 0.705 0.707
rs17811365 4 4041 Intron GIT (G) 0.077 0.412 0.577 0.962 0.963
rs909486 5 5209 Intron CIT(T) 0.438 0.815 0.969 0.978 0.978
r1s2075936 6 9972 Intron AlG (G) 0.417 0.310 0.991 0.435 0.595
rs11705394 7 10897 Intron CIT (C) 0.325 0.050 0.052 0.024 0.146
rs7285064 8 11220  Exon (synonymous) CIT(T) 0.293 0.574 0.048 0.076 0.213
rs131840 9 15015 Exon (synonymous) AlG (A) 0.193 0.238 0.211 0.550 0.779
rs131842 10 16994 3 AlG (G) 0.154 1.000 0.652 0.559 0.957

Abbreviations: HWE, Hardy — Weinberg equilibrium; ISHDSF, Irish Study of High Density Schizophrenia Families.

P-values <0.05 were in bold.
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Sex-stratified associations (PDT P-values) in the ISHDSF sample

Table 2

Marker Narrow Intermediate Broad
Male Female Male Female Male Female

rs2075942 0.500 0.112 0.195 0.229 0.328  0.045
1s2072707 0.540 0.282 0659 0.344 0.754 0.076
rs2284031 0.715 0.259 0435 0.306 0.533  0.075
rs17811365 0.719 0.496 0444 0989 0.628 00913
rs909486 0.736 0516 0497 0.675 0.699  0.199
1s2075936 0.426 0.168  0.400  0.463 0.491 0.194
rs11705394 0.035  0.217 0.007 0494 0012 0.827
rs7285064 0.018 0.105 0.011 0.367 0.017  0.789
rs131840 0.194 0.208 0.138 0.575 0.174  0.381
rs131842 0.547 0.262 0.280  0.129 0.313 0.181

Abbreviations: ISHDSF, Irish Study of High Density Schizophrenia Families; PDT, pedigree disequilibrium test.

P-values <0.05 were in bold.
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Table 4

Association analyses for subjects with positive family history in the ICCSS sample

SNP MAF2 HWE?2 Both Male Female
Allele P Genotype P Allele P Genotype P Allele P Genotype P

rs2075942 0.468 05056  0.4916 0.0999 0.6065 0.0173 0.0911 0.2528
1s2072707 0.345 0.8239  0.3560 0.5595 0.5416 0.6618 0.0214 0.0706
rs2284031 0.469 0.9885  0.0927 0.0827 0.0084 0.0133 0.4911 0.5050
rs17811365 0.079  0.7607  0.8467 0.8949 0.8175 0.5965 0.9691 0.3603
rs909486 0.468 0.8969  0.1104 0.1111 0.0062 0.0152 0.3428 0.2724
rs2075936 0.475 0.2825  0.9368 0.7241 0.8524 0.8087 0.9730 0.8953
rs11705394  0.286  0.1636  0.9128 0.6105 0.9351 0.9580 0.7741 0.3597
rs7285064 0.263 0.1133  0.9302 0.6835 0.8201 0.9649 0.8752 0.4207
rs131840 0.168 0.5767 0.8996 0.5837 0.6680 0.8609 0.7368 0.3390
rs131842 0.153  0.8453  0.5911 0.8700 0.6904 0.7342 0.7361 0.4057

Page 17

Abbreviations: HWE, Hardy — Weinberg Equilibrium; ICCSS, Irish Case — Control Study of Schizophrenia; MAF, minor allele frequency; SNP,
single-nucleotide polymorphism.

aValues for MAF and HWE were from the entire sample.

P-values <0.05 were in bold.
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